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ABSTRACT: We present “ArAr age of 20 volcanic rocks from National Park of Mt. Halla (Hallasan) in an attempt
to understand the volcanism of highlands of volcano. We report reliable absolute ages of whole rock (groundmass)
and feldspar phenocrsts based on concordant plateau and isochron ages by incremental heating *°Ar/*’ Ar method.
The volcanism of the highlands of Mt. Halla has lasted for approximately 170,000 years and is divided into two
major volcanic episodes, 0.182~0.100 Ma and 0.095~0.014 Ma. Although we failed to get the whole rock age from
Baengrokdam trachyte due to severe weathering, 50.1+6.2 ka (total fusion age) from anorthoclase phenocrysts
is reported. The youngest ages, 17.7+2.7 ka and 16.2+3.9 ka from the topmost lava flow with basaltic trachyandesite
composition covering the eastern part of Baengrokdam imply that the last episode of lava effusion from the summit
crater may have occurred between ca. 20 ka and ca. 14 ka. In the future, the existing volcano stratigraphy of Mt.
Halla should be revised and additional research including deep drilling should be performed to understand the
volcanism of Mt. Halla in detail.
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AlF=e] FS A
20104 oI e kel AR A g
Y9 AFE T3l B F7 2L e Folth
(e.g., Brenna et al., 2011, 2012a, 2012b, 2015; Koh et
al, 2013). T2} bt YA ST FA L
SR DAY A AF= ok RAE 35|
AT SAB7HIS 2 H2o] oL =3v)o] B
Sl BER QI3 =¥ Sl BE SUF 2 AT
A2 shHo] ke, BT W 94 AR SHE
A4 wgow oo PeE W 5 ojeikA oA
EREEEERERRE R

SHepak Aojjo] x| A8 M E-5lE T EZ(Park et
al., 2000) AL2HE A A BE 20 247} AAE v
%o, o]& Koh et al. (2003)=} Yoon et al. (2005)
o o A7t A=A 059 A= A
2 o|FofR|A] ke, M 7T A9 &
Aot HAA7 A 7|AE Sl sHSAE A
Hatsic.

trachyte

Sl 700 molpe] Sttt TP T Aol Mgt
2 Aj-ele mgeh st (B, S 1950 m),
To]e) o 2(at 848.4 m), Y25 12152 m),
S0 12785 m), ZHereol |k 22
116234 m), FA(FA7 -8R, 3k 1639.3 m),
B2 (3 1666.3 m), AFZHE(EH 1695.5 m), S
A LE(3E 1749 m), AFE(3E 1813 m), APHE
Wi(31000-900 m) FAof] Z2HEo] FZFHHERI,
2009). 21U o] 5 ZHIAES 27 1A &
£2 57 97 Yot Bo] A2 ThSox BT
ool “glepizElH(Park et al., 2000; Koh et al., 2003;
Yoon et al., 2005)” 2] GY SAZ DA o] FL A
719] Aol o) ThEol Xl ARE R A = Qi)

ghd, Mg Ao £EZst= §UFY 71E 4
A Az FHY SRl tis Rt wE
& A% SAe] 2R K-Ar g Az 22
0.025+0.008 Ma (Won et al., 1986)2} 0.07+0.01 Ma
(Tamanyu, 1990)2 R E QT WiET F& =4 9]

R Qo= K-Ar A A= 0.47£0.07 Ma

Fig. 1. Field photograph of Yong]mgak Valley with (a) peak of Mt. Halla, (b) Wanggwanreung taken from
Samgakbong. Several small photos show field activities and tephra layers.
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(Tamanyu, 1990), Ar-Ar A% A2 0.35£2.3 ka
(Park et al., 2000)7} B 318 v} Qich. J2u WiEH
52 5Ale] BRok BokRol A9 vy BEo) A
Yl = T o= (excess argon) S 2 As| A
| At eaiE AHE AAZK Tamanyu, 1990).
ojQJo =, A F|E-5}&E 2] =Z(Park et al., 2000) A
TFoAAE o - Y A&l gk A5 o] o] F
offout a7 Ui AA Al=str) 7 27tst
o} o]A Y o]Hof £3YH A S A+ A= F
A GUFUANE A2 S EA o what At
A 2polE BRIk IPol|= Etstal, 153t &
epA W nhe o 20h 531 W Ao SpREo R o
SR th= A (Won et al., 1986) 0] A-d3}=] o]t

Koh et al. (2013)-2 gHapikx A ol dfidsh= ©f
2% AR YA REE ZHIH(YVA)LR 2
B Ar-Ar A¢F Ao, 17111 kaE H15}1, 3Hefik
of RESH 2RI 212t ThE A7) BEE
AHEY 7F5/3S Al71ekBE itk 2, Ahn and Hong
(2017)2 grepit AR S 4 sk E S 5t
ol &Esh= EASolA AR A G 2H Y Fo
7150yl A A B4 02 21+4~23+4 ka, 37.6+3.2~
41.3+31 ka®] AHE AAIoIaL, WEG B3 oF
37 ka A% 2HAEF £F olF, F20ka AT =W
AR SUFo &2 FAAEUTL AAg vt
Ak

o)/goll A A uie} Zo|, Ftepit IAHE
Fo 2 o] =3d ATE2 2 /Y 54 89
7 e ARE s a3EHAS B okl 4
454 20= A2 HFE 2 ZolE eIl gl
ZHARE ZoE Sepit A g o] X WS
AEst7|oll= vEe Aotk webs, EES 5
Ao g g7, Wole g, S X3tk AR
A Qo] FiEZsH= Gl et Ao ARE 7S
2 @A s} sHibg A A8 A BaAdol
== At

dutd oz A Y F4 SHRE F T4
4 upante] B4 £E (IS 232 A Y
Fu 5 AFs] S7HA71AL o] 2 g FEA = §
71E ALY BEAR7|E o1, g2 Aok B4
(fracture)7} WA SH4HA| o] YFEo] ZApx|7| = &
ok oz}, £} B (emplacement) ¥ W2 T
A B3 A B3 28 SAAEE oplal]

ol rOl«

¢

l2lA DX|CHO| CEE AbES 7|20 2Rl “Ar/FAr ol 73

= $tt}(Barmin et al., 2002; Gertisser et al., 2012;
van Wyke de Varies et al., 2014; Ogburn et al.,
2015; Ashwell et al., 2018). 3HH, EA| -2 52 &
=2 A3f A7 2EHA s E FES AEE
SHHEE AR E 9 A & I o)A sk
ol tigt 583 JEE AFF=T, T &
& P 9 A9 2R AF 5 MY
17] SHigE JHE B 51| 24 9] e of
AA gt

o] ¥t 2016\ 2017 FHepit X&) T
AL G4, =vE BYE 9 5 A, s A
& g © A AR SR AF(AE ) F
29] A xAL F AT 20719 U7 A R(TH
2ol el AT EARE 2F3 YAr/VAr A
AdiE Bagich E3 2 Ardaet 71E AR
T A ol gtetit A 9 shikes Aol
gt 22 BES A Qg

A

HI

2.

o= 2FE gt Argon Geochronolgy
Labollq 9t F4EALs0] SEHEAS XA B
BAMOR, KA B AYFBAI T
Zrajgkad) el YAr/PAr Adjddl= ARGUS VI &
g(Thermo Scientific) 9] tha&7| BA7|A| A%
EX712 o|F2ojFH o, ArArCALC v2.7.0 (beta
version) HAFZ 2 T3 (Koppers, 2002) 2.2 Ao A
7 AL R ZAAGE AR FH), AE] " 24
P2 9] xto| EE FxuRitH http:/ / geo-
chronology.coas.oregonstate.edu/).

3.4 1

12 B4 A8 $A] ARE YehlH,
F 29} B 38 ZH A B9 AY FAR A7 F AY
(B7))2 A4 7o) PAr/PAr A ADE AT A
ot} ¢HA 9] W2 [UGSS] AY o] A4 (SIO,)
] ¢ZH2](NaO+K0) E5F E5=(Le Maitre et al.,
2002)°l H-g3tATH 1™ 3). ol H Jro] F ¢
ZH(FeO')-2 Fe;05/FeOH]7} 0.3 (Middlemost, 1989)
o] E|= 2 Fe,0;9f FeOZEE A|AALSIS] T2 Ab2
E9 g3t g3t & o] gl Aeo] wiEE= A
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Fig. 2. Map of sample locations in Mt. Halla, Jeju Island (contour interval in 100 m).
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Table 1. Sample locations of volcanic rocks at the studied area, Mt. Halla, Jeju Island.

ID Latitude (degree) Longitude (degree) Elevation (m)*
BE 33.354189 126.531267 1642
BK-B 33.362533 126.535111 1891
HA0401 33.365350 126.531028 1716
HA0402 33.365350 126.531028 1716
HA0403 33.362278 126.532078 1854
HA0404 33.360614 126.535356 1901
HA0405 33.371081 126.533386 1630
HA0406 33.400423 126.540745 872
HA0407 33.411525 126.548053 714
HA0408 33.363133 126.524364 1728
HA0409 33.370253 126.526250 1672
HA0410 33.354461 126.520285 1614
HAO0411 33.358624 126.526247 1720
HA0412 same as HA0411

HA0413 33.359097 126.502775 1602
HA0414 33.353472 126.494033 1299
HA0415 33.358783 126.499503 1500
K-01 33.374197 126.529756 1536
K-04 33.372422 126.529756 1500
YC 33.349300 126.534833 1532
Y VA** 33.382700 126.504422 1115

*Elevation (Mean Sea Level) readings from Google Earth Pro

**Data from Koh et al. (2013)

Na,0 +K,0

2 [T rrr [ rrr T rr T
45 50 60 65 70

55
Si0;
Fig. 3. (Na,O+K,0)(wt%) vs. SiOx(wt%) plot of the
volcanic rocks from Mt. Halla, Jeju Island. The fields
show rock nomenclature schemes of Le Maitre et al.
(2002) with thick dashed line from Macdonald and Katura
(1964), dividing alkalic rocks from sub-alkalic rocks.

Al SHE ARE o838tk T 494 5=
AE 7} (incremental heating)of] W= “Ar / PAr A
A ~EEHO2RE doj AlgE EHE A
£ Yehdich o, HETE 2 g 7
= Ai7ed e 25 B4R R AT

= F7H2 2 AR 5). 4 A=Y 71A
A E4S o g

HAO0407 (3t 714 m): T-SAL EH2 o) A g2t
w4 WFo. = of 15 km|Ho] RSN wh50|E
o] §ARRA TR B SR EHL A
o, AT A o] U7H 24 ol SO,
51.6 wt%, Na,O+KO 5.6 wt% = #FHd 2H et
ARgkol] sigatet. FeH(A 1) “Ar/ Y Ar Hef )
= 235422 kao|tl(2 ¥ 4). 7|1& =ZE(Park et al.,
2000) M= MEPERER 0 2 7 AE u gl
W, o4 714 B4 Q) Swo)H Ny 5

rr
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Table 2. Major element abundances of volcanic rocks at the studied area, Mt. Halla, Jeju Island.

ID HA0407 HA0406 K-01 HA0401 HA0402 HA0403 HA0404
Rock Name BTA TB T TB TA T BTA
Si0, 51.59 50.17 64.01 49.67 59.48 66.34 51.67
TiO, 2.50 2.59 0.39 231 1.08 0.27 243
ALO; 16.01 18.71 17.43 17.78 16.70 15.74 15.60
MgO 4.18 3.55 0.32 4.46 1.30 0.11 4.72
FeO' 10.66 9.62 436 9.71 7.04 4.60 10.92
MnO 0.16 0.13 0.10 0.13 0.12 0.14 0.16
CaO 8.15 8.63 2.10 7.86 3.48 1.24 8.16
NaO 3.85 3.86 5.79 3.79 5.26 5.71 3.67
K>O 1.79 1.59 445 1.71 3.80 5.30 1.52
P,0:s 0.55 0.51 0.12 0.63 0.50 0.04 0.46
LOI 0.00 0.00 0.23 1.46 0.48 0.11 0.00
Total 99.44 99.36 99.30 99.51 99.26 99.60 99.30
ID BK-B HA0409 HA0408 HA0411 HA0410 BE YC
Rock Name BTA TA TB AB TB TB AB
SiO, 51.78 59.03 49.18 51.17 50.05 51.26 50.47
TiO, 2.34 1.09 3.09 2.24 221 2.44 2.37
ALO; 15.74 17.07 16.26 16.09 17.49 15.78 16.29
MgO 4.79 1.47 4.66 4.85 5.47 4.82 4.95
FeO' 10.70 7.52 11.73 10.65 9.99 11.07 10.99
MnO 0.16 0.15 0.17 0.16 0.14 0.16 0.16
CaO 8.41 3.71 8.18 8.38 8.33 8.17 8.64
NaO 3.65 5.29 3.73 3.39 3.62 3.56 3.42
K>O 1.48 3.57 1.45 1.41 1.60 1.47 1.16
P,0s 0.45 0.37 0.75 0.43 0.55 0.47 0.45
LOI 0.00 0.16 0.12 0.85 0.21 0.40 0.72
Total 99.49 99.43 99.33 99.61 99.66 99.61 99.64

Total FeO as FeO'. Analyzed by XRF at Oregon State University Argon Geochronology Lab
Abbreviations: AB-Alkali basalt, TB-Trachybasalt, BTA-Basaltic trachyandesite, TA-Trachyandesite, T-Trachyte

of Rxl= SoReks o2 A7 BE2H £9F
AL A A gt
HA0406(3{4t 872 m): -S4 2o A gt

T4 oF 2.5 kmEo]d 3HH(3HY) Al ARE
we} 2T o] QtH 1 6a). 420 9] ofo} L9k o}
oz LA EXA 02 A4 v o] L 4|5,
TALSA M T AFESC) Si0, 50.2 wt%, NaO+
Ko0 5.5 wt% 2 2HE o] sfdgtet. A(47])
I AR v o] “Ar/ P Ar Ao ddi= 712 154.8+2.9

ka, 172.3+25.6 kao|t{1d 4, 5). 7]& Z=Z(Park et
al., 2000) 0| A= E 2|2 HEF O 2 7] =] it
K-01(3'd 1536 m): ¥HAF FHE= ol 4] AH2g
DAE AU £ AlF O R 7 Ftel AR
Exgich Az 2UAAE o] FH A U™
HES whEt H5(A) 7} wlofu2c. SiO; 64.0 wt%,
NaO+K>0 10.2 wt% 2 2ol siedatch A4
71)] “Ar/¥ Ar A A= 101.7+0.6 kao|tH 1 4).
71& ZZ(Park et al., 2000)o| A= grepitz AL



Table 3. “Ar-"Ar age of volcanic rocks at the studied area, Mt. Halla, Jeju Island.

Weighted Plateau

Normal Isochron

Inverse Isochron

ID Material % 3 TSI TR Remark
Age (ka) 2s.d. % Ar Steps MSWD Age(ka) 2sd. “Ar/"Ari 2sd MSWD Age(ka) 2s.d. “Ar/"Ari 2sd MSWD
BE gm 27.9 3.5 94 25/33 0.54 28.2 5.1 295.29 1.50 0.61 28.3 4.8 29530 1.50 0.61 IH
BK-B gm 16.2 39 88  28/33 1.05 254 7.0 293.19 1.53 0.86 253 59 29323 1.53 0.85 IH
HA0401 pl 92.5 348 23 6/21 0.65 78.6  43.0 300.56 11.39 0.65 82.6 394  300.52 11.37 0.60 [H
HA0401 gm 68.3 1.8 95 27/30 0.64 69.7 2.6 28739  8.95 0.53 69.9 2.6 28812 9.00 0.55 IH
HA0402 gm 69.4 1.5 100 33/33 0.61 71.8 42 292.55 477 0.57 71.9 42 29252 476 0.58 H
HA0403 af 50.1 6.2 94 1920 92.38 23.1 177 352.73  81.60 0.00 51.6 82  288.69 47.19 90.51 TF
HA0404 gm 17.7 2.7 85 1833 0.54 20.7 52 294.25 1.89 0.47 20.7 49 29427 1.89 0.47 IH
HA0405 gm 133.6 09 100 2828 0.95 133.0 2.1 296.58 4.5 0.98 133.0 20 29683 4.5 0.98 IH
HA0406 gm 154.8 2.9 95  22/33 1.16 155.6 5.1 295.04 234 1.32 155.7 5.0  295.08 2.30 1.26 IH
HA0406 pl 172.3  25.6 89 2024 1.17 1733  31.6 291.66  7.40 0.92 1853 314 29123 8.09 1.20 IH
HA0407 gm 23.5 2.2 89  21/33 0.93 18.0 6.2 300.66  5.55 0.79 18.0 5.1 300.82  5.52 0.78 IH
HA0408 gm 168.3 2.7 94 23/33 1.01 170.8 3.9 290.18  5.64 0.95 170.8 39 290.80 5.65 0.92 IH
HA0408 pl 217.6  44.0 26 11/24 1.18 205.7 492 296.28  5.18 1.26 2148 462 296.51 524 1.29 IH
HA0409 gm 53.5 1.6 100 33/33 0.38 55.9 3.1 286.48  9.80 0.28 55.7 3.1 287.67 9.83 0.31 IH
HA0410 gm 38.7 20 100 33733 0.46 413 33 292.17  3.16 0.35 413 32 29228 3.16 0.35 IH
HA0410 pl 794 162 74 13/24 0.79 78.5  30.0 291.85 2441 0.72 82.0 252  293.24 2496 0.87 IH
HA0411 gm 314 144 61 16/33 0.58 109 37.1 296.44 1.63 0.80 10.7 63 29646 1.63 0.80 IH
HA0412 gm 27.0 1.1 100 32/32 1.46 26.2 32 296.50  4.90 1.50 26.2 3.0 296.78  4.90 1.50 IH
HA0413 gm 73.5 1.3 91 21/33 0.71 72.7 43 296.85 7.01 0.73 72.5 43 29720 7.04 0.73 IH
HA0414 gm 135.8 0.8 69  22/32 0.97 136.5 1.1 290.50  5.03 0.89 136.5 1.1 291.01  5.04 0.86 IH
HA0415 gm 170.1 1.7 61 10/32 0.86 174.9 5.1 281.22  13.92 0.48 174.9 5.1 281.45 13.91 0.50 IH
K-01 gm 101.7 0.6 100 33/33 0.70 101.6 1.1 29439 14.72 0.68 101.5 1.1 298.19 15.02 0.72 IH
K-04 gm 79.0 1.9 67 1928 1.68 77.7 3.1 29726  3.74 1.69 77.9 3.1 29736 3.74 1.68 IH
YC gm 29.7 37 100 31/32 0.49 29.4 4.6 292.64 093 0.52 29.7 44 29264 093 0.53 IH

1. Samples irradiated at OSU TRIGA reactor for 6 hours at IMW power. Neutron flux measured using FCT-3 biotite monitor (Renne et al., 1998).
2. Plateau age includes % **Ar and number of steps in the plateau (steps in plateau / total steps).

Abbreviation: gm-groundmass, pl-plagioclase, af-alkali feldspar; IH-Incremental heating (Bulk Laser heating), TF-Total fusion
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Fig. 4. “°“Ar-Ar absolute age results of the whole rock (groundmass) samples from Mt. Halla, Jeju Island.
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overlaid with lava flow.
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